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Space Science 


Pioneers 6, 10, and 11 

Oil December 15. 1981, the Pioneer 6 t|)ace 
craft begins its seventeenth year of of>eration. The 
st>acec>uft continues to transmit useful solar ^ind 
and cosmic ray measurements. 

Thr Pioneer 10 s|iacecraft continues its out- 
bound journey from the Sun. It is the most dis 
tant man made object in our Solar S /stem and, in 
1981, traversed the s^race between ?3.? to 
26.2 AU. Data obtained from this spacecraft have 
totally changed our model of the solar wind 
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Position of Pioneers 10 and 1 1 since launch 
and the orbits of Earth, Mars, Jupiter, 
Saturn, and Uranus 


developed in 1967, The heliofiause boundary has 
not yet been reached; and the temperature of the 
solar wind does not fall off adiabatir;«ily as pre 
viously predicted. High speed streams in the solar 
wind cease to exist beyond approximately 10 AU. 
P;oneer 10 will continue its escafie from our Solar 
System in a direction opposite that of the Sun’s 
motion through the Milky Way Galaxy. 

Pioneer 1 1 is presently leaving the Solar Sys 
tern at a velocity of approximately 2.5 AU per 
year in a direction opposite that of Pioneer 10. 
These two sfiacecraft provide our first large scale 
examination of the Sun as a star with its sur- 
rounding gas and dust. The Sfiiral structure o* 
solar wind particles and fields is being measured 
as well as the incursion of interstellar particles 
into our Solar System. Data received from 
Pioneers 10 and 11 indicate that the presently 
available tracking systems will be able to neasure 
jiroperties of the heliostthere out to at least 
40 AU. 

(P. Dyal, Ext. 5523; R. Fimmel, Ext. 6456) 


Pioneer Venus 

The nominal mission of the Orbiter was com- 
j)leted on August 4, 1979. During an extended 
mission with similar orbital characteristics, the 
Orbiter continued to seird scientific data through 
the summer of i980, until there was no longer 
sufficient fuel to maintain the orbit and it was 
allowed to change. The periapsis or the orbit is 
slowly rising and will reach 2300 km in 1986 
when it will fall again. Eventually, the Orbiter 
will dip deep into the upper atmostrhere of Venus 
where it will be destroyed — in 1992. All scien 
tific instruments are extracted to continue 
otrerating nominally. 

During the extended mission, the major focus 
will be on rnapjring the solar wind/ionostrhere 
interaction region, and on studying the chemical 
and thermal dynamics of the interaction. The 
influence of the 1 1-year solar cycle will also be 
investigated. 

(L. Colin, Ext. 5519) 
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Mission to Sun Deemed 
Feasibie 

The proposed Star Probe mission will be man's 
closest venture to the Sun. It will approach within 
3 solar radii of the Sun's surface. Because of the 
close proximity to the Sun, the probe will be sub- 
jected to radiation 2500 times greater than that 
felt on Earth. This environment will persist for 
several days before and after iti closest approach 
to the Sun. A heat shield will remain pointed at 
the Sun's surface to provide shade for the space 
craft, thereby protecting the delicate instruments 
that constitute the payload. 

The Star Probe mission will be managed by the 
Jet Propulsion Laboratory. Ames Research 
Center is responsible for the technical develop 
ment of the heat shield. Currently, Science Appli- 
cations Incorporated is under contract to Ames to 
develop and establish fabrication techniques for 
the heat shield concept originated by the Entry 
Technology Branch at Ames. 



Star Probe mission concept 


The Ames concefit consists of a conical carbon 
carbon structure tha' will point toward the Sun 
and provide therm il p.'otection for the payload 
located at the base. An in-house preliminary sys- 
tem study establislied the feasibility of the 
concept. 

(H. K. Laiion, Ext. 5369) 


C-141 Kuiper Airborne 
Observatory 

In FY 1981, the NASA C-141 Kuiper Airborne 
Observatory (KAO) flew 19 investigator teams for 
approximately 80 research flights in infrared 
astronomy. Studies continued on the galactic 
center, external galaxies, and interstellar gas and 
dust clouds. In the past year, higher resolution 
data were obtained in the middle and far-infrared 
regions because of improved instrumentation, 
particularly spectrometeiS and heterodyne 
receivers (for the si bmiilimeter region). For the 
first time in the history of the KAO, solar obser- 
vations out to 2(X) p were made during the solar 
eclipse of July 31, 1981. This achievement 
extends the range of the KAO to the field of 
infrared solar astronomy 

(R. Cameron, Ext. 5338) 


Far Infrared Studies of a 
Solar Eclipse 

A series of solar studies, culminating with 
observations of the July 31, 1981 eclipsa, have 
been carried out at far-infrared wavelengths from 
the Kuiper Airborne Observatory (KAO), 

Scientists from the University of Hawaii, the 
United Kingdom Infrared Telescope, and the 
Ames Space Science Division collaborated with 
the KAO staff in modifying the 91 -cm telescope 
of the KAO and the auxiliary tracking ~<nd guid- 
ance telescopes so ihat they could be safely used 
to directly view the Sun. 


ORIGINAL PAGE 

BLACK AND WHITE PHOTOGRAPH 


2 


The lolar obnrvatiom were made in four lepa 
rate ipectral bands at wavelengths between 
30 arKf 200 pm in the far infrared. The airborne 
observatory was required because this far-infrared 
radiation does not penetrate to the surface of 
Earth. Additionally, the mobility of the KAO 
made it possible to intercept the path of the 
ticlipse off the coast of Japan. The observations 
were the first system.itic study of the Sun at far- 
infrared wavelengths. This radiation com.»s from 
the "transition region" of the solar atmosphen- — 
the rugion of the temperature minimum between 
the photostrhere and the corona This region is a 
particularly important one to study to improve 
our understanding of solar activity and of the 
trans|)ort of energy into the corona and the solar 
wind. 

Scientific results were obtained during the solar 
eclipse: in the few moments just before and just 
after totality, it was (>OMible to study the struc 
ture of the solar limb with an effective siiatial 
resolution of ^ 1 arcsec (corresponding to a linear 
scale of v750 km|. This is a factor of 10 to 50 
better sftatial resolution than can ordinarily be 
obtaineil in the far infrared with existing tela 
sco()es. The preliminary analysis of the eclipse 
data suggests that, as the Sun emerges from total 
ity, the solar limb is seen at 200 pm several sec 
onds t>efore it reappears at 30 pm; a similar effec* 
is seen |ust before totality. These results indicate 
that the effective radius of the Sun observed at 
200 pm i> appreciably greater (by at least several 
hundred km) than observed at 30 pm. This result 
is qualitatively expected from the known opacity 
law in the solar atmostrhere. but the precise quan 
titative information that will be extracted from 
the data obtained during the eclipse, and from 
numerous auxiliary observations, will provide 
important new constraints for models of the 
structure of the Sun and for our understanding of 
the general nature of stellar atmospheres. The 
physical quantities and questions to be investi- 
gated in the analysis include the mean density. 


pressure, and temperature as a function of height 
in the transition region, the nature and spatial 
scale of density inhomogeneities, and the influ- 
ence of magnetic fields on the structure of the 
region. 

(M. Werner, Ext. 5101) 


Infrared Astronomical 
Satellite (IRAS) Telescope 
Simulator 

The IRAS telesco{)e simulator (I RTS) devel 
oped by Ames is now otierational and is being 
used by the Jet Pro|)ulsion Laboratory and 
the United Kingdom to develop and evaluate 
science data processing algorithms for the IRAS 
telesco(>e. I RTS is an interactive hardware 
sofiware analytical model of the teleacoi>e system 
and includes a simulated sky model of the infra 
red sources, both point sources and extenuc^ 
sources. The computer simulation consists of sev 
eral input options such as ty^>e of noise desired, 
size and nunibe.' of detectors in the focal plane, 
filter bandwidths, .ind sampling rates. The output 
from I RTS consists of data simulation tat>es and 
analog plots of desired output furKtions such as 
optics, raw detector outputs, and filter outputs. 
An example of the optics output is shown below. 

The I RTS modules are currently being recon 
figured for other infrared system simulations such 
as the Shuttle Infrared Telescope Facility, the 
Small Helium Infrared Telescope System, and 
the Large Deployable Reflector. The simulator 
has proven to be a valuable tool in the design and 
development of infrared telescope systems ar>d 
data processing algorithms. 

(H. Lum, Ext. 6544) 
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I RTS contour map showing an expanded infrared point source baseline 



SI RTF prototype fine guidance sensor 
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SIRTF Prototype Fine 
Guidance Sensor 

A p otutype of the fine guidance tensor (FGS) 
that will be used on the Shuttle Infrared Tele 
Kope FaciliiV (SIRTF) has been developed. The 
SIRTF prototype FGS incorporates several 
advanced technologies that will be crucial to the 
performance of the SIRTF pointing and control 
system. The new technology includes an advanced 
charge coupled device (CCD) sensor controlled by 
a high-performance microcomputer. A computer- 
controlled secondary mirror, utilizing an Ames 
developed algorithm to minimize energy 
dissipation, will provide both image motion 
compensation and precise space chopping. The 
system performed as intended; simultaneous 
image motion compensatior. and siiace chopping 
were demonstrated for the first time. Output 
from the prototype TGS will be presented on a 
digital color display which can be zoomed in or 
out, depending on the requirements for resolution 
and field of view. 

Preliminary astronomical tests of the proto 
type FGS and display system will be carried out 
at the Lick Observatory during the early fall of 
1981. Sensitivity, spectral response, resolution, 
and linearity will be measured to help understand 
the FGS performance under conditions not 
obtainable in the laboratory. 

(H. Luni, Ext. 6544) 

Astronomical 
Demonstration of Infrared 
CCD Array 

To determine the usefulness of multielement 
infrared detector array technology in astronomi 
cal applications such as the Shuttle Infrared Tele- 
scope Facility (SIRTF), a demonstration on the 
160 cm Mt. Lemmon, Arizona infrared telescope 
was performed. This was the first time an infrared 
charge coupled device (CCD) had been used for 
astronomy. The detector array, a 20element 
monolithic InSb CCD, was developeo by Langley 
Research Canter and loaned to Ames for evalua 
tion. Following extensive laboratory tests at 


Ames during 1979 1980, the test system was 
modified for 2 pm observations on the telescope. 

On the night of May 1, 1981, two stars. Alpha 
Hercules and Alpha Lyra, were successfully 
imaged on the array. The image size obtained was 
consistent with the computed diffraction disk, 
and it was found that crosstalk to adjacent 
detectors was small. The sensitivity of the array 
was within a factor o^ 3 of that measured in the 
'abo'atory, and the array was no more difficult 
to operate on the telescope than it wiis in the 
laboratory. These positive findings established 
that integrated infrared CCD arrays are very 
promising for astronomical applications, both on 
ground based and orbiting telescope systems. 


(H. Lum, Ext. 6544) 



20 element infrared CCD array in operation on 
160 cm Mt. Lemmon telescope 


Search for Planet Formation 
Debris Near Stars 300 
Million Years Old 

Theories of planet formation involving accre 
'ion of the planets from smaller solid bodies 
.equire that collisional fragmentation take place 
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M well on a time Kale of 10* years or longer. 
Such fragmentation would produce large clouds 
of deb'is arourxf stars whose pianets were still 
formirtg. The infrared luminosity of such clouds 
has b«^n estimated on the basis of particle size 
distributions deiermined from the interplanetary 
particle size distribution of the Solar System. 

The spatial distribution of the particles was 
assumed to resemble that of the rocky mass in the 
solar planets. It was found that, if even 1% of the 
rocky mau of the planets were in such a debris 
cloud, it would cause a detectable infrared 
(8-13 pm) luminosity enhancement of a solar- 
type star. 

Measurements of the 8*13 pm briyiitness of F, 
G, and K Main Sequence stars of the Ursa Major 
Stream were made with the NASA/University of 
Arizona 60 inch teleKope. They showed no 
detectable enhancement in infrared luminosity. 
The measurements of six of the stars were sensi 
tive enough to limit the debris cloud mass to 
2X10* solar masses ( 1% of the rocky mass of the 
known planets). The upper limits Oi' debris clouds 
around the other seven stars is 16X10 * or less. 
This could mean that planet formation is not an 
extremeh' common phenomenon. It may mean, 
however, that planet format' on occurs on a much 
shorter time Kale than 300 million years, the age 
of the Ursa Major stream stars. It is hoped that 
this March can be extended *o more Ursa Major 
stream stars and also to the solar-type stars of the 
Pleiades Clnster which are less than 100 million 
years old. 

(F. Witteborn, Ext. 5520) 


Stable Isotope 
Measurements of 
Geothermal Emanations 

The composition of the atmosphere o* earh' 
Earth strongly influenced the courM of the origin 
and early evolution of life. Atmospheric Kientists 
today uM rr.odern computational techniques to 
construct models for the early atmosphere. These 
investigators have concluded that emanations c f 


gases such as metharte and hydrogen from Earth's 
crust played a key role in controlling atmospheric 
compositions. 

Our research has evaluated preMnt day crustal 
sources of methane as analogs to ancient crustal 
sources. Geothermal localities were studied 
becauM they are chemically very Ktive arnf 
becauM geothernal Ktivity was undoubtedly 
very intenM on early Earth. Stable carbon isa 
topic measurements revealed that most of the 
hydrocarbons, including methane, found in geo 
thermal emanaticns derive from the thermal 
decomposition of organic matter in sedimentary 
rocks. Such organic matter had been synthesized 
by preexisting living organisms whoM organic 
debris had been deposited in ancient aquatic sedi 
ments. This obMrvation indicates that most of 
the methane in preMnt day geothermal emana 
tions required the preexistence of life. Therefore, 
before life existed to produce abundant sedimen 
tary organic matter, thi* methane contributed to 
the prebiotic atmosphere by geothermal systems 
was probably considerably less than that obMrved 
today. ObMrvations such as this provide atmo 
»pheric Kientists with the numerical constraints 
necessary to improve their models of primitive 
atmospheric compositions. 

(D. Des Marais, Ext. 61 10) 


Novel Luminescence 
Phenomena in Minerals and 
Organic Compounds 

A detailed study has revealed novel lumines 
ceiKe (light emission) phenomena which accom- 
pany the interaction of inorganic and organic 
solids with aqueous solutions and organic 
solvents, as well as their vapors. The lumines 
cence, which normally takes a matter of hours 
and sometimes days to decay, can be readily 
measured by a photomultiplier tube. Thus, it can 
be demonstrated and studied in almost any 
laboratory. 

Even though, the mechanisms of the lumines 
cence remain to be elucidated, it is possible that 
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thtM ph*(«on>«n« can be used for detecting, moni 
toring, and character ixing a variety of physical 
chemical proce«et. irKluding ones that occur at 
extremely low rates. Notable examples are surface 
reactions of solids in the presence of liquids ard 
gases, on a macroscopic as well as on a micra 
scopic scale. 

(S. Chang, Ext. 6206) 

Lightweight Detector for 
Gas Analysis by Spacecraft 

In past NASA miuions. the suiface of Mars was 
analyzed for volatiles and gases by the Viking 
landers and the atmosphere of Venus, by the 
Pioneer probes. The gas'vatior analyzers took 
samples, setiarated them into individual chemical 
components, and measured the amounts of each. 
The actual quantitative meisurement was made 
by various types of detectors. A new version of 
detector for such applications has recently been 
designed and successfully tested. It is of the very 
sensitive ionization type and vreighs 30 to 
100 times less than its commercially available 
equivalent. Besides its utility on future solar 
system exploration missions, the new detector 
will also be useful for dirborne missions in Earth's 
environment or for gas analysis aboard manned 
'j|)ace veHiclos. 

(F. Woeller, Ext. 5769) 

Autonomous Life-Support 
Systems 

Long duration spaceflight, involving many 
people, cool j be made more practical if the mass 
of the life support equipment and mateiials could 
be reduced. One way to accomplish such a weight 
reduction is to recycle the materials usually 
stored for later consumption. Materials such as 
vsater, food, and breathable gases can be reused if 
preparations are made to recycle them and, when 
necessary, to regenerate the starting materials. 



The most straightforward and. cir'^ently, the 
most reliable way to regenerate food is to use 
photosynthetic organisms to capture sunlight and 
use it to make food from waste minerals and 
gases. Such a system is under investigation and 
involves the development of an environment 
closely controlled bv people and computers. 

As part of this development, a chamber has 
been constructed that can maintain a constant 
internal environment, totally isolated from the 
external atmosphere. The function of the cham- 
ber is to investigate the growth, metabolism, and 
physiology of higher plants and to determine how 
these can be changed by manipulating their envi 
ronment. It is necessary to monitor and control 
atmospheric gases, temperature, humidity, light 
intensity and quality, and the minerals in ttie 
hydroponic nutrient solution. The i'^struments 
that both monitor and control are operated bv a 
computer. The information collected by the 
monitors provides a highly detailed record of the 
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n««d« and retponaat ot the plants and permits a«i 
evaluation of attempts to control their growth 
and developnwnt. “^he chamber is a unique instru 
ment and has excited much interest as a tool to 
evaluate newly developed agricultiral strains as 
well as theoretical postulates of control theory. 

(R. MacElroy. Ext. 5573) 


Plant Growth Unit 



Space Shuttle plant growth unit 


The Space Shuttle plant growth unit (PGU) has 
been designed and built by Lockheed Missiles and 
Space Company and the Research Facilities and 
Instrumentation Division at Ames for the Life 
Sciences Fligni Experiments Project Office to 
investigate the effect of zero gravity on thtf for- 
mation of plant lignin. Lignin, a product of 
metabolism in plants, forms the woody stru‘:ture 
that stiffens the plant walls, aiding the plant in 
growing upright against gravity. Weightlessness 
affords a unique tool to further define the bio- 
chemical pathways vital to lignin synthesis. 

The PGU is a self contained, carry on experi- 
ment designed tc be loaded into the Shuttle late 
in the launch countdown and mounted in place of 
one of the storage lockers located in the Spacelab 
Orbiter middeck. The exp>eriment is completely 
automatic, requiring no flight crew interaction; all 
data arc stored within the experiment package. 


The hardware holds six plant growth chambers, 
each containing approximate'y 16 plant seedlings, 
a total of 96 plants. The experiment hardwa>a 
•Iso includes a thermal control system, ligiirng, 
•nstrumontation, and a data management system. 
NASA plans to first *ly the experiment hardware 
on Space 1 ransport Systerr 3 (STS 3). This flight 
will involve species from three different plant 
classes. The outcome will provide basic data on 
lignin formation atKi will also help plant scientists 
to make a final selection of plant species to be 
u»ed in a subsenuent flight experiment, scheduled 
to fly on Spacelab 2. 

(J, Tremor, Ext. 5731) 
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Cardiovascular Respons^^s 
to Simulated Spaceflight 

Studies of circulatory changes during weight- 
lessness have required the development of 
appropriate instrumentation systems as well as 
the use of suitable animal models. Recently, 
advanced transducers have been developed to 
reliably measure pressure and flow in blood 
vessels as snail as 2-4 mm in diameter. 1 he sys 
tern utilizes a cuff implanted around the vessel so 
that the vessel wall need not be penetrated. 
Pressure is sensed by a 4.5 mm strain gauge dia 
phragm transducer incorporated into the cuff so 
as to touch its exterrial surface and .'educe the 
normal vessel cross-siictional area by no more 
than 10%. r low is registered by the Doppler prin 
ciple using 8.5 MHz lead titanate crystals. 

The system has now been used to study flow to 
the head (implanted about the carotid artery) in 
dogs and primates during conditions of simulated 
weightlessness which include changes in body 
position and water immersion to the neck. High- 
quality signals have t/v.en obtained for periods in 
excess of 8 months and provide assurance for 
long term monitoring as will be needed during 
future Spacelab experiments. 

(H. Sandler. Ext. 5745) 
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Physiological Responses 
of Older Women to 
Simulated Spaceflight 

At p^rt of a series of studies to develop passen 
ger selection criteria for future Space Shuttle 
flights, eight healthy women, 55 to 65 years old, 
underwent 10 days of bedrest simulated weight- 
lesaneu. This group is the oldest group of women 
to participate in such a study and the results will 
contribute to an understanding of the physiologi 
cal effect of weightlessness on aging astronauts 
and older scientists who may be chosen to con- 
duct their experiments in space. Tests included 


response to exercise, tilt (using lower body nega 
tive pressure, LBNP), and Shuttle reentry acceler- 
ations. All centrifuge .*uns were repeated with 
subjects wearing an inflated antigravity suit of the 
type worn by Air Force pilots. Expected degrada 
tions in physiologic function occurred after bed- 
rest during all tests. Results revealed a 59% 
decrease in -*^3 tolerance in this group, which 
was indistinguishable from the 56% decrease for 
the same stress in 45-55 year old females and the 
57% decrease seen in 35-45 year old subjects. 
G-suits markedly improved tolerance in all cases. 
However, LBNP decrements were the largest seen 
to date |42% decrease compared to 8% decrease 
in 45-55 year olds, 19% decrease in 35-45 year 
olds). The reasons for these latter changes are 
presently unknown and are under study. 

(0. Goldwater, Ext. 5749) 
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Test subject on centrifuge 
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Animal li<todel for Space 
Sickness Research 

As pert of « program to develop a suitable 
model for ipace nx>tion iicknew research, the 
motion sickness response of the squirrel monkey 
has been studied under a number of sickness 
inducing conditions. In a umple of 15 animals, 
all became sick to the point of vomiting if they 
were rotated unrestrained at 25 rpm. Howeve', 
if these ssme snimals were rotated restrained 
(body ref.trained, head free), none became sick. 
These results are similar to those obtained with 
human subjects if the human subjects refrained 
from makinp *’jad movements in the restrained 
condition. Also, the restrained squirrel monkeys 
were not susceptible to motion sickness under 
conditions of off vertical rotation. Our results 
suggest that motion sickness may not be a prob 
lem in the fully restrained squirrel monkey. 

(N. Daunton, Ext. 6245) 

Bone Changes Under 
Simulated Zero Gravity 

The pathophysiologic changes that occur in 
weightlessness are analogous to these that occur 
in man during immobilization. Skeletal losses 


occur with a resultant reduction of cal ium and 
borte mar in the normally weight bearing borses. 
'Clinically, immobilization also results in increased 
gastric secretion due to altered serum calcium 
levels and an increased tertderKy to develop 
peptic ulcers. To evaluate the problem of bone 
loss and altered calcium homeostasis in depth, 
studies have been conducted with experimental 
monkeys in a simulated hypodynamte h /pogravic 
environment that minimizes normal', occurrirtg 
stresses in the pelvis, spine, and legs. After 
6 months of simulated weightlessness, the animals 
lo»t approximately 25% of bone mirteral in the 
tibiae ar>d the ber>ding stiffness that reflects 
strength of the tibiae declined 35%. A recovery 
period of approximately 9 months was required 
to restore normal bending properties. Histologi- 
cally, a period of approxim^ttely 20 months was 
required to restore new osteonal systems in bone 
that are characteristic of the adult animal The 
investigations show that cellular activity increases 
sufficiently to reverse the process of bone loss 
and to restore normal properties of bone. Addi- 
tional measurements show that bone losses may 
be related to the effects of adrenal cortical hor- 
.mones or parathyroid hormones. The monkey 
model is useful for studying bone mass loss, heal 
ing, new bone growth, and maturation of bone 
and is expected to be an important adjunct for 
studies of human problems of bone loss. 

(D. Young, Ext. 5549) 
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Space and Terrestrial 
Applications 

Aerosol Climate Effects 

Additional data on the long term effects of 
major volcanic eruptions on Earth's climate have 
been obtained by a series of U 2 flights performed 
in December 1980 and July 1981. The flights 
are a continuation of the series made in May June 
1980, soon after the May 18, 1980, eruption of 
Mt. St. Helens. The aircraft carries a groiip of 
aerosol and gas sampling instruments provided by 
scientists from NASA, National Oceanic and 
Atmostrheric Administration, from the Universi 
ties of Maryland, Nevada, and Washington, and 
from Particit; Measurements Cof^poration in 
Boulder, Colorado. The purpose of the flight 
series was to determine features of the global dis 
tribution of the volcanic debris, the rate at which 
volcanic gases that reach the stratos|>here have 
converted to aerosols, and the prope-^ties of the 
maturing aerosol layer created by the volcanic 
eruption. The collections have also demonstrated 
that newer volcanic material has been added to 
the stratos|)here since Mt. St. Helens. This newer 
material is believed to be due to the eruptions of 
Mt. Alaid at 5T N, 156®E on April 27, 1981, and 
Mt. Paqau at 18 N, 146'‘E on May 14 1981. 
Results of the study are expected to lead to 
better assessmi; of the climate effects of past 
and future volcanic events. 

(J. Pollack. Ext. 5530) 

Wildland Inventory and 
Resource Modeling Using 
Landsat and Digital Terrain 
Data 

This Western Regional Applications Program 
(WRAP) pilot inventory project was a joint effort 
of NASA, Nevada’s Division of Forestry, Division 


of State Lands, Governor's Planning Office, and 
the University of Nevada. The overall goal of the 
project was to demonstrate the potential usability 
of Landsat satellite imagery to map and inventory 
vegetative types in a demonstration area that 
included Douglas County and Carson City, 
Nevada. Specific maps and statistical products 
produced include land cover, mechcnical opera 
tions capability, big game winter range habitat, 
fire hazard map, aryf forest harvestability. 

As a result of this project, the Nevada Division 
of Forestry has determined that Landsat can p'o 
ouce re'iable and low cort resource data. Added 
benefits become apparent when the data are 
linked to a geographical ii'.formation system (GIS) 
containing existing ownership, planning, eleva 
t'un, slope, and as()ect information. 

(D. Lu' lb. Ext. 5900) 
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Landsat mosaic of Nevada study area that classifies 
geographical fire hazard according to slope, 
steepness, land cover type, and 
tiipcarrying capacity 
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CV-990/Galileo II Activity 


A* part of ioa NAS X/OSTA Savare Storms and 
Waathor Rataarch Prog<amf, tha Amat Airborna 
Lat)oratorv, tha CV 990/Galilao II, succaufully 
complatad tatts of tha Martliall Spaca Flight 
Cantar’i naw tachniqua for maasuring two 
diman«ional wind flow around storms. Tha 
Dotiplar Lidar Systam was provan during tha 
NCAR/Departmant of Interior Coo|)arative Con 
vactiva Precipitation EKirarimant (CCOPEI in 
Montana and Colorado. 

(R, Cameron, Ext. 5338) 
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Aeronautics and 
Space Technology 


Ninmerical Investigation of 
Turbulent Channel Flow 



Particles ijenerati'd from a vertical wire extendetl 
betw«*en the tv.o channel walls; (a) two 
dimensional view, (1)1 three dimensional view 


Fully devclo()ecJ ti.rbiilent channel flow has 
fwen simulateti numerically at a Reynolds number 
of 13,800, basetl on centerline velocity and chan 
nel half width. The large scale flow field has been 


obtair>ed by directly integrating the filtered, 
three dimeicional, time detrendent, Navier Stokes 
etjuations. The small scale field motions were 
simulated through an eddy viscosity model. The 
calculations were carried out on the ILLIAC IV 
computer with up to 516,096 grid points. 

The computed flow field was u'^ed to study the 
statistical pro|)erties of the flow as well as its 
time de;*endcnt features. The agreement of the 
computed mean velocity profile, turbulence sta 
tistics, and detailed flow structures with experi- 
mental data is good. The resolvable (lortion of the 
statistical correlations api>oaring in the Reynolds 
stress ettuations is calculateil. Particular attention 
is given to the examination of the flow structure 
near the wall. 

(H. Lomax, Ext. 5124) 


Computational 

Aerodynamics 

A highly efficient numerical algorithm, which 
has b«H*n us<kI successfully to compute inviscid 
transonic flow atrout general two dimensional 
aerodynamic configurations and three 
dimensional flow about a swept wing sup(>orted 
by parallel walls, has been successfully modified 
to include the effi*ct of lifting wings with finite 
free standing tips. To comt>ute such effects, two 
computer codes ha*;e bet?n developtnl — GRGEN3 
and TWING. The former generates a wing geom- 
etry of finite as(}ect ratio with v>anwise variations 
of section shape, chord, thickness, and angle of 
attack, together with an efficient placement of 
rieighboring computational field points. The latter 
code uses an implicit AF2 algorithm to find the 
flow field and various aerodynamic coefficients 
relative to the semispan wing. A typical case still 
takes less than 3 min of time on the CDC 7600 
computer, which makes the code ar» inexpensive, 
efficient, and effective design tool for future 
aircraft configurations. 

(P. Kutler, Ext. 6032) 
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Surfoco ptt'ssuri* distritHition dt VMrimis stdtions compatinl with ottu*r data 


Viscous Simulation of 
Three-Dimensional 
Forebody Flows 

A prmiuction computer program (or determin- 
ing tlie three dimensional viscous flow about the 
blunt ruise of configuration in a suitersonic free 
stream such as the Space Shuttle or various 
miuile configurations is now available. The corfe 
IS capable of treatiirg blunt txKfv flow fields con 
taining embeifdinf shock waves and streamwise 
setiaratetf flow regions. The governing ettuations 
are the thin layer Navier Stokes cast in 


t'cnservation law form and are soIvihI using a fai: 
toiwf implicit aliK^rithm. A generali/etf coordi 
nate transformation is employrnf to mati tfie 
disturbetf (low region betwt*en the Iroify and the 
tK)w sirock into a cubical computational domain. 
The t)ow sfuKk is tieateif as a sf'.aip discontinuity 
and all internal discontinuities are ca(>ture(f. 
Steady state or transient solutions for invisi'icl or 
laminar or turbulent flows arc possible. The pro 
gram is also useif to provide starting solutions for 
inviscid or viscous marching codes (or computing 
afterbtxfy (lows. 

(F*. Kutler, Ext. 6032) 
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Transonic viscous flow about augmentor wing section (no blowing case) 
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Numerical Simulation of 
Viscous Flow About a 
Two-Dimensional 
Multielement Airfoil 

New ideas at well as new applications of old 
ideas were required to tackle computation of the 
flow about the augrnentor wing, a multielement 
airfoil designed and built by de Hjivilland Aircraft 
of Canada. A novel ditcretixatiori procedure it 
used, consisting of multiple app’ications of an 
elliptic grid p nerator to produce body oriented 
grids. The reu>'t it one continuous mesh com 
posed of four C grids — one around each airfoil 
and one around the entire group. In the cise 
where blowing out the main airfoil trailing edge is 
introduced, an additional grid it inserted between 
the shrouds. Adjacent grids are overlapped so that 
tne boundaries of the inner grids lie along interior 
grid lines of neighboring grids, thereby avoiding 
interpolation and grid singularity problems. A 
two dimensional, thin-layer, Navier Stokes code is 
applied tc each mesh region at every time step. 
Comparisons of numerical and experimental 
results for the no blowing case are encouraging 
and lend confidence that this o'^ocedure will be 
useful in further understanding the improved 
aerodynamic efficiencies of the augrnentor wing 
and will also serve as an important design tool to 
generate configurations capable of further 
enhanced perfor 'ances. 

(P. Kutier, Ext. 6032) 


Turbulence Experiments 

To develop computational techniques for simu- 
lating the flow fields about aircraft or reentry 
vehicles, turbulence models must be developed 
that capture the essential physics of turbulence. 
Therefore, a variety of experiments are being 
conducted to guide turbulence modeling and to 
verify the de\'elopment of computational aero 
dynamics. Coordinated experimental i»udies, 
covering a variety of typical flow situation.'* and 
a practical range of Mach and Reynolds numbers. 


ire being performed at Ames and through grants 
to universities with unique facilities and e> pertise. 
Numerical ar>d analytical studies are a*'«o being 
performed to develop and compare various pro- 
posed multiequation mod.->ls with experimental 
results. 

Both two and three dimensional steady and 
unsteady flows are being considered, and compu- 
tations using the Reynolds averaged, Navier- 
Stokes equations and the precise experimental 
geometry and boundary conditions are being 
made. Recently, completed experiments include 
transonic flow ove' an asymmetric trailing edge 
at high Reynolds number, a three dimensional, 
shock-wave/boundary-layer interaction at super- 
sonic speeds, and flow aft of a rearward -facing 
step. The data include surface pressures, skin 
friction, and mean and fluctuating velocity com- 
ponents throughout the flow field. 

(J. Marvin, Ext. 5390) 

High Reynolds Number 
Facility Improved 

A second test leg for the High Reynolds Num- 
ber Facility has been constructed and calibrated. 
This new leg allows the size of the test section to 
be increased by a factor of 2.3 and has the unique 
capability of operating over a wide range of 
Reynolds number at transonic speeds — from less 
than 1 million to 4 million. The first experiment 
is a study of supercritical airfoils at angle of 
attack to support the development of computa- 
tional codes. 

Comparisons of recent experimental results and 
computations show that employing two equation 
eddy viscosity turbulence models provides ade 
quate predictions of attached two and three 
dimensional flows, symmetric trailing edge flows, 
and flows with small zones of separation. How 
ever, for asymmetric trai'ing edge flows where 
two dissimilar viscous shear layers are mixing or 
flows with large separation zones existing, turbu- 
lence models prove inadequate. Detailed analysis 
has shown that the length scale equation used in 
these models must be improved. 

(J, Marvin, Ext. 5390) 
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Space Shuttle 
Aerodynamics 

Before the first Space Shuttle flight, Rockwell 
scientists were concerned that the separated 
boundary layer ahead of the deflected body flap 
would cause increased heating on the lower sur- 
face of the Oribiter. During their final design 
review. Rockwell estimated that t ie separation 
point could occur as far forward as X/L ■ 0.80, 
the increased heating caused by the large pressure 
gradient at separation would require new tiles and 
gap filler to protect the Orbiter during entry. The 
number of tiles affected would htve caused a sig 
nificant delay in the schedule for the first flight. 

Using a computer code develot>ed for turbu- 
lence modeling research at Ames, calculations 


were performed investigating this rrchlem. Solu 
tions to the fpll Navier Stokes equatioru were 
made, varying tody flap angle, time in trajectory, 
and real gas constants. The results showed that 
Rockwell's estimates were extremely conservative 
and that new tiles would not be required on the 
Orbiter. The maximum forward extent of separa 
tion was calculated to be at X/L ■ 0.96. Also, the 
addition of gap filler over only a small region 
would provide ample heat protection. Using 
Rockwell's estimate, new tiles would have been 
required over 20% of the lower st*rface. 

The computer code was verified by compari 
sons with experimental data obtained on the 
Ort ter in the Ames and AEDC wind tunnels. The 
final design criteria used by Rockwell were baj«d 
on Ames calculations. 

(J. Marvin, Ext. 5390) 
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f^eat protection requirements on Space Shuttle due to deflected body flap 
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Quiev Shon-Haul Research 
Aircraft 

In C.tober 1980, a program wai initiated to 
familiarixc a broad cross section of aircraft pilots 
to QSRA technology. T-^nty-three pilots repre 
senting 10 different organiiah jns ./ere exposed 
to comprehensive briefings and approximately 
3 hr of flight in the QSRA. After the four-day 
program, each pilot was able to safely fly a steep 
STOL landing atiproach with one engine inopera 
tive and with the stability augmentation system 
(SAS) turned off. This investigation sfiowed that 
no unusual skills are required of a pilot to safely 
fiy an aircraft with QSRA propulsive lift 
technology. 

Analytical studies indicated that uptier surface 
blowing (USB), propulsive lift technology could 
significantly reduce takeoff distance and/or 
increase payload even at the thrust to weight 
ratios and wing loadings of conventional aircraft. 
A reduced thrust ex(>erimental investigation was 
initiated to validate the analysis. Engine out lift 
performance was measured over the thrust to 
weight range of interest, and minimum unstick 
takeoffs were performed to provide data for take 
off performance measurements. Takeoff pertor 
mance wai measured with all engines operating 


and with one engirte inoperative (3 engines oper 
ating). Thrust toweight ritioa in»ostigated with 
all er>gines operating rangeo frorr; 0.20 to 0.44 
and wing loarJings ranged from 68 to 94 Ib/tt* . 
Three '^ngine and four engir>e takeoff data were 
merged analytically to determine field lengths 
b««od on Feder:«i Air Regulation Part 35 and also 
based on USAF Critical Field Length Critena. 
These results were validated by takeoffs in which 
an engine was actually "chopped" at the takeoff 
decision s|)eed (Vj ). The measured takeoft per 
formance of the QSRA was compared with that 
of the C 141 transport aircraft «as shown). The 
C 141 was used for comparison because Ames 
ot>erates a C HI and is intimately familiar with 
its performance The data show that, at equal 
thrust to weight ratios and wing loadings, the 
QSRA can take off in less than half the distance 
required by the C-141. NASA pilots that fly the 
C-141 consider its performance excellent. Also, 
the reduced runway requirement c&n be traded 
for increased p»yload. These data indicate that 
upprr-surface blowing, propulsive lif. technology 
couU be beneficial to most subsonic aircraft 
designs, including those operating at conven 
tional thrust to weight ratios. 

(J. Cochrane, Ext. 5662) 
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Critical field length comoarison 
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XV-15 Tilt -Rotor Research 
Aircraft 

There were teverel major accomplithmentt irt 
the tilt rotor program in FY 81. Aircraft #2 was 
brought to flight status and was accepted by the 
Governntent after check flights artd acceptance 
ceremonies at Dryden on October 28, 1980. This 
aircraft was used for flight tests aimed at verifying 
aeroelastic stability, evaluating fatigue loads 
reduction modifications, and exparnfing the 
maneuver envelope. Subsequently, this aircraft 
was ferried to Ames, where tests continued in the 
areas of handling qualities, SCAS and governor 
work, and expansion of the approac'.i envelope. 

Aircraft #1 was brought to flight status in the 
first quarter of FY 81 and initial work was done 
on the ground tiedown rig to verify the integrity 
of the vehicle in flight. This aircraft was used in a 
combined NASA'Ar’ny/Navy test, both in free 
flight and on the tiedown rig, to measure the 
downwash field under the aircraft in hover at 
various ground heights and at various rpm's and 
thrust levels. This test was also used to obtain 
noise measurements and to evaluate handling 
qualities and workload for the pilot in a precision 
hover task. 

After some track and balance adjustments, air 
craft #1 was ferried to Dryden and the wing and 
blades were removed from the aircraft before it 
was trans()orted by USAF C5A to Fainborough, 
England. After reassembly and checkout flights at 
Farnborough and some practice flights for the 
aircrews, the aircraft was ferried to France for the 
1 98 1 Paris Air Show, June 4- 1 4. The aircraft per- 
formed on schedule. After the Air Show, the 
XV 15 was transf)orted back to England for a 
demonstration at Farnborough for RAE and 
invited guests. The aircraft was returned to Ames 
where it is now oi flight status. 


(J. Magee, Ext. 5020) 


Helicopter Airborne Radar 
Approaches 

Civil weather/mapping radar can be used to 
provide approach guidar>ce under initrunrwnt 
meteorological conditions to selected landing 
environments. Onboard radar systems are widely 
used by helicopter operators to provide approach 
guidance to offshore oil rigs without the need for 
electronic navigation aids at the landing site. For 
use over water, the radar provides guidance and 
ensures obstacle avoidance, but involves very high 
pilot workload and limited guidance accuracy. 
For uss over land, the ground clutter return has 
made these approaches infeasiole without more 
advar.ced radar systems. 

Tv/o programs at Ames have resulted in major 
advances in airborne radar approaches. One pro 
grarri involves the use of a video data processor In 
conjunction with the weather radar for overwater 
approaches to oil rigs and ships. This processor 
automatically tracks a designated radar target and 
disf)lays a pilot-selected approach course. Other 
features of this system include automatic tilt and 
radar gain adjustment, display of co<jrse guidance 
information on the radar indicator, and the abil- 
ity to provide guidance for offset approaches. 
This system is easily interfaced with existing 
weather/mappirig radar systems, it reduces pilot 
workload, and it provides more accurate guidance 
information. The second radar program involved 
the development of an innovative approach to 
suppress ground clutter in order to locate simple 
low cost radar reflectors near a landing site. This 
program, performed under a cooperative agree 
ment with the University of Nevada, has pro- 
gressed through a technology feasibility flight- 
test program (as shown - on the left, a typical 
overland radar return). After processing the radar 
video signal with pulr>e width discriminating and 
pulse paid decoding circuits, two sets of reflectors 
at the airport test site are clearly visible. This 
radar display could easily be used for an airborne 
radar approach. 

(G. Clary and D. Anderson, Ext. 5452) 


19 


Radar display with clutter in airport vicinity 


Radar display after declutter 
using pulse pair decoder system 
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Helicopter Helical 
Approaches to Minimize 
Airspace Requirements 

Initial flight tesiS to examine the feasibility of 
the helical approach as a concept for minimizing 
the use of airspace during landing in congested or 
confined areas have been completed. These te. ts 
were made using the NASA/Army UH-1H he!.- 
copter and the onboard V/STOLAND control and 
guidance research system. All approaches were 
made under autopilot control. The lateral and 
longitudinal error dispersions at the hover point 
above the landing pad were acceptable. In most 
cases, the pilots allowed the vehicle to continue 
to automatic touchdown from the hover point. 

The initial tests demonstrated the potential of the 
helical approach to minimize the airspace used so 
that simultaneous operation of high speed CTOL 
aircraft and rotorcraft could be conducted using a 
single microwave landing system. The concept is 
applicable for both military and commercial 
operations. 



(L. McGee. Ext. 5443) 


Position error at hover point 




Automatic helical roto>ctaft descent and landing using a microwave laiding system 


Effect of Engine Response 
Characteristics on (handling 
Qualities 

The effects of engine fuel control/governor 
dynamics on helicopter handling qualities have 
been investigated. Such characteristics as engine 
time constants and rpm droop may have a signifi- 
cant effect on the agility and maneuv rability of 
the vehicle during rear terrain operation. Also in 
question is the excess power requirements for 
such maneuvering. A moving base simulation has 
been conducted to investigate, in a generic <ense. 
such couplings and their effects. 

This experiment considered a "dolphin” (oscil- 
latory trajectory) and a quick stop/bob-up task. 
Prel Tiinary results indicate that, over a wide 
range of engine frequency and damping character- 
istics, a significant degradation in handling quali- 
ties occurs when the engine response natural fre- 
quency IS less than 8 rad/sec. When coupled with 
a pure time delay, iittle effect is noted for time 
delays of 0.15 sec or less. An evaluation of excess 


power requirements indicar''s that a minimum of 
10% excess power is needeu for the bob -up 
maneuver. 

(L. Corliss, Ext. 6115) 



% EXCESS POWER AT HOVER. THRUST WEIGHT 


Effects cf excess power 
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Effect of Sideslip on 
Kinematics of the 
Helicopter in Steady 
Coordinated Turns 


Unlike fixed w*ng aircraft, the helicopter in a 
steady coordinated turn will inherently sideslip. 
A set of exact kinematic equations describing this 
motion in steady helical turns has been devel 
oped, and a rational definition for the load factor 
that best characterizes a coordine*ed turn for a 
helicopter has been proposed. A steep coordi- 
nated hehcal turn at extren>« angles of attack 
with inherent sideslip is of primaiv Interest. The 
results show that the bink aryie of the ar.craft 
can differ markedly frjrt', the tilt angle ot the 
normal toad factor arvj tf* at the norinal load fac- 
tor can also differ substantially from the acceler- 
ometer reading along the vertical l>ody axis of the 
aircraft. Generally, sideslip has a strong influence 
on the pitch attitude and rc'l rate of the helicop 
ter. The lattei could have a significant impact on 
handling qualities because of the direct coupling 
of roll rate to the thrust of the main rotor. 

An analysis has also been completed on the 
effects of sideslip on the kinematic relationships 
in a coordinated turn, which is based on new 
closed form formulas that relate the aircraft 
angular rates and pitch and roll attitudes to the 
turn p3r«-neters, angle ot attack, and sideslip. 
The results indicate that pitch rate is inde|)endent 
of angle of attack in a coordinated turn and that, 
in the absence of sideslip, angular rates about the 
stability axes are independent of the aerodynamic 
characteristics of the aircraft. 

(R. Chen, Ex-. 5CX)8» 


Longitudinal Static and 
Dynarnic Stability Effects 
on Helicopter Flying 
Qualities for Instrument 
Approach 

The fourth moving base simulation experiment 
conducted as part of the joint NASA/FAA pro 
gram concerning helicopter !FR airworthiness 
critei ia was performed to investigate allowable 
longitudinal static and dynamic instabilities. 
Included were unstable static control gradients 
yielding dynamics with times to double amplitude 
of 10 sec and 6 sec, as well as variations in short- 
term response characteristics, angle of attack sta 
bility, and pitch si>eed coupling. Pilot evaluations 
were conducted on the Vertical Motion Simulator 
for a dual pilot microwave landing system (MLS) 
approach tark followed by a missed approach 
under instrument meteorological corKfitions 
(IMC) and fo.' several levels of atmosffheric 
turbulence. 

The principal results of the sim'jLjtion are as 
follows. 

• The unstable gradient with a 10 sec time to 
double amplitude was rated as cLfarly ade 
quate in smooth air but marginally adequate 
at best in representative turbulence. 

• With good static stability, configurations 
with a 0.3 sec pitch attitude response time 
constant were rated marginally adequate. 

• The addition of artificial angle of-attack sta 
bility had an insignificant effect on static 
control position stability and introduced 
undesirable coupling of pitch to rate of 
climb. 

• In addition to artificial drag, damping had 
mixed effects; speed control with pitch atti- 
tude was improved, but speed power cou 
pling increased, which resulted in ir>creased 
glideslope tracking workload. 


(J. Lebacqz, Ext. 5272) 
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Piloted Simulation of a 
Buoyant Quad-Rotor Hybrid 
Airship Concept 

The buoyant quad rotor (BQM) it a hybrid air- 
craft cortcept that combirm aerostatic lift from a 
blimplika huM with propulsive lift from four 
helicopter rotors. The objective of a recent simu 
lation was to investigate, for the first time, pilot- 
in the loop flying qualities. 

Both NASA and Goodyear pilots found the air- 
craft to be adequately stable and maneuverable 
without stability augmentation, but the workload 
of the pilot was very high to achieve an accept 
able level of performance. The objectionable 


characteristics were couplirtg of lor>gitudinal 
mar>euveriitg control inputs into pitch and roil, 
and the slow, acceleration type responses to al' 
inputs. These deficierKies are inherent in this 
type of design. 

A gryat improvement resulted from providing 
increased attitude stability in pitch and roll, 
which effectively suppressed the coupling charac 
teristics, and provkJirv; rate feedback to quicken 
the yaw and heave responses to the pilot's con- 
trols. The simulation also pointed to the relatively 
high maneuvering thrust demand by the pilots, 
which must be provided by auxiliary horizontal 
thrust units. 


(P. Talbot. Ext. 5887) 



BQR concept; simulated configuration 
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Blade/Vortex Interaction 

A multiphaw exp«rimtntal program invttti- 
gated the detailed characteristics of the wake and 
ipanwisa loading of r hovering rotor blade and 
the interaction between them. In the first phase, a 
lemispan wing was used to simulate the rotor 
blade in the absence of the wake from the other 
blades. The second phase will obtain the sfianwise 
loading and wake charxteiisiics of a model 
hovering rotor. The third phase will use two somi- 
span wings and the wake information from the 
model rotor test to simulate the blade/vortex 
interaction of the rotor. 

During the first phase test (recently com- 
pleted), a computer controlled laser Dof)pler 
velocirneter (LDV) was used to determine the 
spanwise load distribution and near-wake velocity 
distribution on a semispan winy designed to simu 
late a hovering model rotor blade in the absence 
of the wake of other blades. 

The wing in this first test was a large-scale 
(3.6. :) model of the outboard third of the model 
rotor blade with a rectangular planform and 
square blunt tip. The large scale was selected to 
match thr tip Reynolds number of the rotor 
blade and to facilitate a finer resolution of the 
velocity distributions The wing twist distribution 
was selected to obtain a spanwise distribution of 
bound circulation, which would nominally match 
that of the hovering model rotor blade. 

The s()anwise distribution of loading v/as 
determined by the circulation-box method. The 
measurement detail was sufficient to tect the 
relative increase in the loading due to the tip 
vortex forming over the rectangular tip and also 
the presence of a low level of spanwise circulation 
beyond the tip for a distance of about one airfoil 
thickness. This latter effect is believed to result 
from the free vorticity in the separated region 
beyond the streamwise edge of the blunt square 

tip. 

The wake was surveyed in planes normal to the 
free stream at 0.02, 0.8, 1.6, and 2.5 chords aft of 
the trailing edge. The measurement grid density 
was increased in the regions of the tip vortex and 
trailing vortex sheet to facilitate evaluation of the 
wake vorticity distribution, which is determined 
by the velocity gradients. Each siiatial velocity 


measurement is the mean of 100 samples from 
which the star>dard deviations have been 
obtairsed. 

(R. Piziali, Ext. 6668) 


Dynamic Stall Apparatus 

An oscillatory apparatus has been built to 
study the dynamic stall characteristics of helicop 
ter blades. The unique feature of tfii^ apparatus is 
that the wing is mounted between glass wind o vs 
of the Ames 2- by 2-Foot Transonic Wind Tunnel. 
This provides optical viewing by laser holographic 
interferometry, laser velocimetry, etc., to study 
the basic flow characteristics around the airfoil. 
The usual static and dynamic pressure measure 
ments are also made on the wing. 

A test of a NACA 0012 airfoil was successfully 
completed this summer. Mach numbers frem 
0.2 to 0.6, frequencies from 10 to 40 Hz, and 
Reynolds number up to 4X10'’ per foot were 
tested for this airfoil. Laser interferograms of the 
entire flow field and laser Doppler velocity pro 
files at several chordwise locations and the wake 
were taken for both increasing and decreasing 
angles of attack above and below stall. The 
dynamic stall characteristics of this airfoil were 
found to be influenced by the Mach number, 
Reynolds numbe. and oscillation frequency. 

(D. Buell, Ext. 6265) 

Acoustic Linings for 
Wind-Tunnel Test Sections 

An experimental study was made ot the sound 
absorption of several acoustic wall linings that are 
candidate designs for the Ames 40 by 80 Foot 
Wind Tunnel, The acoustic treatment will be used 
to reduce wall reflections from aircraft noise 
sources in >he modified facility. The 152-mm- 
thick linings evaluated contained either fiberglass 
or polyurethane foam. Because the linings were 
designed to be permanently installed on the test 
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Dynamic stall apparatus 


section walls, a variety of protective coverings 
were evaluated, including fiberglass cloth, perfoi 
ated metal sheets, and metal gratings strong 
enough to support work crews and equipment. 
The exfjerimental method used was the pulse 
reflection technique for in situ sound absorption 
measurement, a method that has become practical 
because of the development of microprocessors 
and digital analysis equipment. This technique 
allowed measiirements of the absorption of sev- 
eral lining configurations in a wind tunnel, with 
and without flow, over a wide fret^uency range, 
and at four acoustic incidence angles, all in a rela 
tively short time. Consequently, new information 
has been obtained on the sound absorption of 


protected linings with tangential airflow. This 
information should prove useful in designing an 
acoustic lining for a wind tunnel or duct; such 
acoustic data would be useful for a treatment that 
has a protective covering and structural members. 

The design tradeoffs led to a 152-mm-thick 
fif)erglass lining protected by a cloth membrane 
and a 40^i oj^en area perforated metal cover for 
the walls and ceiling. The floor requires a 38 mm- 
deep grating in p!.<ce of 38 mm of fiberglass. The 
acoustic treatment will cover the full 24 m length 
of the 40 by 80 Foot Wind Tunnel test section. 


(P. Soderman, Ext. 6675) 
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Design Study using 
Selected Powered Lift 
Propulsion Systems 

A design study, utiliiing the ACSVNT 
conceptual pielimiiTary aircraft design svnthesis 
comtuiter proiiiam. lias tieen conipleteil at Ames; 
It provides a comparative indication of the rela 
tive aifvantages of several prot'ulsion systems 
pioposeil tor use with powered lift aircraft. The 
results will lie umnI to stgiport decisions concern 
ing which poweruil lift concepts will re«:eivo 
NASA technical assistance. Two baseline aircraft, 
the XV 15 tilt rotor research aixraft and the 
Navy S 3A. were useif to evaluate the effective 
ness of eai'h propulsion concept in the research 
and antisubmarine warfare (ASW) missions. 
res))ectively. Siirce a powered lift research aircraft 


is not lubiected to operational constraints as is a 
mission aircraft, design cocKerns. such as high 
s|>eed performance, payload fraction, arid main- 
tainability, can be traded for irrcreaaed attitude 
control t>ower, reduced cost, and versatility, The 
powered lift propulsron corKefTts irwestigated 
were Rockwell International's chin noifle system, 
McDonnell Aircruft's vented D noiile system, and 
Grumman's tilt errgine/nacelle system, A 
rotatable nofxle system, used on the Rolls Royce 
Pegasus turbofan engine, was also used for com- 
l>arison in the ASW mission design study. The 
designs within each mission category differed 
only in those rest>ects itecessary for integrating 
the particular propulsion concept with the base 
line. This atiproach (termitted an accurate assess 
ment of the design integration and performance 
t>enalties e^sociated with each coiKefTt. 

A tierformarrce analysis of the research aircraft 
designs showed that a capable vehicle can Ik* 
constructed usiiTg either of the three corKet>ts. 
although the tilt engine/nacelle design had tietter 
overall |)erformance tMicause its empty weigiit was 
4 % lets. The ASW mission design study showed 
that, althougi) the rotatable no/rle design resulteil 
in the lowest empty weight, its higfiei installation 
losses resulted in a 9% rtussion loiter time penalty 
compared to the vented D design. The study also 
demonstrated the advantages of high thrust/ 
weight ratio lift engines (irecessary for balance in 
hover for the vented D configuration) in a design 
for ASW missions, which reituire a low vehicle 
thrust/wthght ratio foi cruise and loitei, 

(G. Kidwt'll, Ext. 58R(>) 


Vented-D Nozzle 

A project is underway to derrTonstrate tire capa 
bilities of a venteif D thrust deflecting system 
coiijiled with a higtvl)yj>ass ratio turbofan engine. 
Specific objectives are to (1) obtain nozzle jierfoi 
maiTce characteristics. (?) demonstrate the com 
jiatibility of the nozzle with a turbofan engine, 

(3) obta.n pressure and temjMrrature distributiorrs 
on the surface of the ventml D nozzle, and 

(4) establish a correlation of the nozzle j>erfor- 
marTce tretweerr small scale arid lari)e scale moilels. 



Th« test phaM of the program was completed 
on August 25, 1981. The test program, a |oint 
NASA/McDonnell Douglas research effort, t^as 
very successful. Significant results include the 
following. 

• A VTO notfle efficiency of 95% was 
achieved, which is comparable t^ small scale 
predictions and is sufficient for additional 
considerations in V/STOL aircraft design. 

• No adveise effect due to ground proximity 
was mearjred. 

• The inner walls of the vented D noizle 
remained cool (Si 20 F) during all test 
conditions. 

This finding means that neither high temperature 
materials nor cooling air will Ik* required for a 
production vented D nozzle. Therefore, the 
potential weight and cost of a production nozzle 
can t)e reduced. 

(R. Christiansen, Ext. 6669) 



Top Inlet Technology 

Advanced fighter/attack aircraft configurations 
with top mounted inlets are being studied in a 
joint NAS A/Navy /industry research program. The 
program is focusing on aircraft and inlet aerody- 
namics of tof) inlet configurations. Example 
research areas include the effect of inlet spillage 
on aircraft minimum drag and the effect of air- 
frame caused flow distortion on inlet 
irerformarKe. 

During 1980 and 1981, aerodynamic and inlet 
(lerformance tests were conducted in the Ames 
12-Foot, 11-Foot, and 9X7-Foot Wind Tunnels 
(M ■ 0.2 to 2.0) using a 9.5% scale model. Data 
were obtairied at angles of attack and sideslip 
from -2" to ♦28 ’ and O' to 12", resjrectively. The 
effects of inlet location, wing leading eiige ex ten 
sions, variable incidence canards, and wing 
leading and trailing edge flap deflections on 
aircraft aerodynamics and inlet performance 
were determined. Results indicate goori inlet and 
airframe performance for most of the configura 
tions investigated. However, in some cases, 
improvement in one area was accompanied by 
losses in the other. For example, the oanaid con 
figuration improved aerodynamic performance 
but decreased inlet performance. 

(D. Smeltzer, Ext. 6010) 

VIOL Control/Displav 
Concepts 

Four control/display system concepts suitable 
for landing a VTOL vehicle on small ships under 
low visibility conditions have been investigated 
during fixed base and movir.g base simulation. 
The concepts ranged from attitude command to 
fully decoupled velocity command, where the 
variants included l.orizontal velocity command 
through either pitch or roll attitude or througfi 
thrust deflection. A head up dis()l<iy (HUD) 
presentation was used and provided flight director 
commands for the simpler control concepts and 
velocity situation and command information for 
the decoupler) velocity concepts. 
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Pilot rating of VTOL control/display concepts for 
decelerating curved-path approaches to station- 
keeping point 


The flight task involved a d'jcelerating transi- 
tion from 120 knots along h curved approach 
(pursuit) path to an initial station-keeping point 
to the starboaid side of the ship's landing pad. 
Horizontal translation to T^' pad for a vertical 
landing was conducted from the station-keeping 
point. 

The decoupled velocity command system and 
associated HUD was the only system that pro 
vided fully satisfactory flying Qualities for the 
tranc tion and vertical landing task over a wide 
range of wind, turbulence, and sea conditions. 
The attitude command system with the HUD and 
flight director was found to provide adequate 
flying qualities over much of the operational 
envelope. Specifically, the attitude command 
system wa'* given pilot ratings from 3.5 to 5 for 
rms turbulence levels up to 7 ft/sec for the transi- 
tion phase ond pilot ratings from 4 to 6 for sea 
states up to 4 for hover and landing aboard a 
DO 963 type ship. A continuous tradeoff of fly- 
ing qualities with control concepts is evident in 
the results. 

From these results, it appears that, even for 
such a challenging landing task as investigated 
here (and with the restrictions of a narrow field- 
of-view visual simulation), flying qualities require- 
ments do not provide sufficient justification for 


the complication of a decoupled volocity com 
mand system that closes control loops through 
the engines' fuel control and thrust deflection 
control. Further study of these concepts is 
planned. 

(V. Merrick, Ext. 6194) 

Aircraft Geometry Definition 
and Verification using 
Enhanced Computer 
Graphics 

A vital part of the aerodynamic analysis of 
aircraft configurations is the accurate representa 
tion of the aircraft geometry. Verification of 
mathematical models of aircraft geometry has 
proven to be a vital and difficult problem. 

A new method developed to deal with this 
problem is the gen'jratir.rs of color-shaded surface 
images of the mathematical model using enhanced 
computer graphics. Flaws in the mathematical 
model will be much more apparent using this new 
technique. 

(J. Cozzolongo, Ext. 5855) 



Color-shaded surface display for a V/STOL 
fighter configuration 
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Reduction of Dynamic 
Bending Stress in 
Wind-Tunnel Compressor 

SiiKe its completi.n in 1956, the three stage 
compressor of the Ames 1 1 -Foot Transonic Wind 
Tunnel ha» experienced high rotor blade dynamic 
stresses. Recent efforts h/ive successfully roduced 
the stresses to well belovr acceptable levels. The 
dynamic stresses were caused by fir >t mode bend 
ing oscillation of the rotor blades ir juced by flow 
disturbances around the five equally spaced struts 
supporting the streamlined afterbody of the com- 
pressor centerbody. Because the frequency of this 
fiveper revolution excitation approached the first 
mode natural frequency of the rotor blades with 
increasing compressor sfieed, the dynamic stress 
level increased with compressor speed. A maxi- 
mum compressor speed and strict rotor blade 
inspection and replacement procedures were 
imposed to minimize the risk of rotor blade 
failure. These restrictions limited the operation of 
the facility and represent a heavy and ex(>ensive 
maintenance burden. 

The recent efforts to reduce these dynamic 
stresses involverl varying the stagger angle of the 
60 exit guide vanes (the final stage of stationary 
blades |ust upstream of the five support struts) in 
a five per-revolution pattern to aerodynamically 
cancel the pressure disturbance propogated 
upstream from the struts. This process was pat- 
terned after an analytical technique developed by 
the Boeing Company to eliminate cyclic pressure 
disturbances generated by the single pylon strut 
supporting Boeing 747 engine nacelles. A final 
configuration of stagger angle distribution was 
selected on the basis of data from test runs of 
earlier configurations, with the result that the 
first mode bending dynamic stress level was 
reduced to approximately 15% of its original 
value. This simple and very inexpensive change in 
the aerodynamic design of the compressor pre- 
cluded the implementation of major structural 
changes that would be very costly and would also 
result in the facility being offline for an extended 
period of time. 

(L. Guist. Ext. 6258) 
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Propfan Installation 
Aerodynamics 

Tests on a propeller powered semispan model 
of an advanced swept wing transf)ort are being 
conducted as part of the NASA advanced t*.<oo 
prop program. These tests are being conducted to 
assess the interference drag penalties of the 
nacelle and propeller slipstream, to understand 
the flows causing the interference, and to deter- 
mine configurations that minimize the interfer- 
ence drag. 

The 0.12 scale wing/body/powerplant half- 
model was tested in the Ames 14 Foot Wind 
Tunnel to measure the effects of the propeller 
and nacelle on the airframe drag. The propfan is 
powered by a 730-hp compressed air-driven tur- 
bine. The supercritical wing has an aspect ratio of 
7 and a maximum thickness ratio varying from 
17.5% at the root to 12% at the tip. Propeller 
forces are measured by a six component rotating 
strain gaug(‘ balance located in the propeller hub. 
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Advanced turboprop semispan model in 14 Foot Wind Tunnel 
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Total modal forces are measured by a five- 
component force- moment balance located 
beneath the tunnel floor. 

The propeller is an 8 blade propfan configura- 
tion made of a carbon epoxy composite. Several 
blades were instrumented to measure their bend 
ing and torsion characteristics. The model was 
instrumented with 350 pressure taps on the wing 
and nacelle to aid in locating the source of 
adverse slipstrean' effects on the wing. Otia were 
obtained over the range of Mach numbers from 
0.6 to 0.82 at angles of attack from • S'’ to -*-5 . 
Propeller rpm was varied from windmill speed to 
9000 rpm at several blade pitch angles. Future 
tests are planned to investigate configuration 
changes such as wing leadingedge 
extensions and a new contoured nacelle. 

(A. Levin. Ext. 6010) 


Smoothing of Flight Test 
and Accident Data 

Unique work is being performed in support of 
flight research programs at Ames and as part of a 
joint program with the National Transportation 
Safety Board (NTSB) to assist in accident investi 
gations. A procedure for analyzing flight-test data 
and aircraft accident data has been developed at 
Ames as a digital-computer program called 
"SMoothing for AirCraft Kinematics'* (SMACK). 
The program utilizes a novel information pro 
cessing technique with a six degree of-freedom 
kinematic model of the aircraft to define the rela- 
tions between ihe aircraft response and the forces 
acting on the aircraft. Inputs to the program are 
data that are measured during a flight test or are 
available from NTSB following an accident. The 
program provides estimates of bias and scale 
factor errors in the data and trajectories of mea 
sured and unmeasured states and forcing 
functions. 

As applied to flight-test data processing, it per- 
forms a check of data consistency and provides 
smoothed, error free estimates of all time his 
tories needed for subsequent studies, such as the 


identification of aerodynamic derivatives. For 
accident analysis, it optimally combines and pro 
cesses data from onboard foil or digital flight 
recorders, and air traffic control radar systems to 
provide accurate reconstruction of aircraft posi 
tion, velocity, and attitude during the critical 
moments of the accident. 

(R. Bach, Ext. 5429) 


Air-Data Measurements in 
Ground Effect 

An analysis technique ha.\ been developed at 
Ames to assist the National T ransportation Safety 
Board in their investigation of accidents or inci- 
dents. In analyzing flight data recorded during 
aircraft operations near the ground, it is impor- 
tant to recognize the influence of ground proxim- 
ity on the measurements of airs()eed and altitude. 
To account for the effect r.i ground proximity on 
these measurements, three sources of errors have 
been studied using potential flow theory. From 
thete studies, it was found that the primary error 
results from ground constraint of the wing lifting 
pattern. Smaller errors result from constraint of 
the flow over the fuselage and of the engine 
exhaust. 

Equations have been derived to provide correc- 
tions for the three error contributions. The equa 
tions are general and can be applied to airplanes 
of different geometries operating in different con 
ditions. The accuracy of these analytical methods 
was investigated using data recorded onboard the 
Ames CV-990 research aircraft durir.g operations 
in ground effect (takeoff, go around, and land- 
ings). The results from this evaluation are encour- 
aging and indicate that the theory provides a 
practical way of correcting the measured air data 
for effects of ground proximity. This technique is 
now being used to assist the National Transporta 
tion Safety Board. 

(R. Wingrove, Ext. 5429) 
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PAN AIR — Panel Method 
for Predicting Subsonic or 
Supersonic Linear Potential 
Flows About Realistic 
Aircraft Geometries 

The PAN AIR cc.nputer program can now pre 
diet the supersonic flow about nearly arbitrary 
three dimensional surface geometries, a problem 
that has defied solution for many years. The 
code implements linear source and quadratic 
doublet distributions in a manner that greatly 
reduces numerical stability problems that have 
plagued earlier attempts to make surface paneling 
methods work successfully for supersonic flow. 
With PAN AIR, the actual surface geometry of an 
aircraft can be niodeled, as opposed to an approx- 
imate mean surface geometry. Panel layouts are 
not restricted to geometries that are winglike or 
fuselagelike in appearance. This independence 
from any specific geometry allows blended wing 
bodies, canopies, and other real surface shapes to 
be modeled. 

PAN AIR was developed by the Boeing Mili- 
tary Airplane Company under the joint sponsor 
ship of NASA's Ames and Langley Research Cen- 
ters, the Air Force's Aeronautical Systems Divi- 
sion and Wright Aeronautical Laboratories, and 
The Naval Coastal Systems Center. The code is 
we'l documented and was designed with ease of 
use 0 primary consideration. PAN AIR has been 
made available to the aerospace community 
through MOSMIC. Users' classes attended by over 
100 participants from industry were held in 
1981. 

(L. Erickson, Ext. 6216) 
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PAN AIR model of a V/STOL fighter 
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Laser Holographic 
Interferometry 


TEST 



Sketch of 2X2 ft interferometer 



Interferogram of a two-dimensional airfoil in 
transonic flow 


A permanent laser holographic interferometer 
has recently become operational in the Ames 
2- by 2- Foot Transonic Wind Tunnel. This system 
will provide the capability for nonintrusive quan- 
titative measure meni of the density fields around 


wind-tunnel models. The design criteria required 
the system to be compact, easy ana fast to set up, 
and requiring little or no realignment or adjust- 
ments during a wind tunnel shift. A very stable 
Nd'.YAG laser was used for this purpose. All opti- 
cal components were specially mounted to reduce 
vibration. Interlocks were installed to several 
components and the laser beam was shielded to 
protect personnel. 

A typical interferogram of a two dimensional 
airfoil is shown. The light and dark fringes are 
lines of constant density. Other features such as 
shock waves, boundary layer, and wake can be 
seen. Pressure deduced from such interferograms 
are within 1% of those measured with pressure 
orifices on the wing. 

(G. Lee, Ext. 5861) 

A Technique for Predicting 
Pilot-Induced-Oscillation 
Tendencies and Pilot 
Opinion Ratings 

Application of modern digital stability and 
control augmentation systems has createo a 
renewed interest in the study of aircraft handling 
qualities. This is attributable to two factors. First, 
the nigher ordei nature of the dynamics often 
associated with digital control law implementa 
tion makes analytical prediction of handling qual- 
ities difficult. Second, the shortcomings of 
existing predictive techniques are made even more 
critical by the fact that severe handling qualities 
deficiencies often arise in practice which are 
directly attributable to the higher order nature of 
the control law implementation. An example of 
this is the ability of high-frequency phase lags or 
time delays in the control system to sharply 
degrade aircraft handling qualities and to be a 
contributing factor to so-called pilot-induced 
oscillations. 

To help alleviate these analytical difficulties, a 
mathematical modeling technique was developed 
based on an optimal control model of pilot 
response. The technique provides a unified 
approach to pilot/vchicle analysis for modeling 
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the pilot in situations where aircraft dynamics are 
of higher order than those rormally encountered; 
predicting the susceptibility cf aircraft to pilot 
induced oscillations; and predicting relative 
numerical pilot opinion ratings of vehicle 
harnfling qualities. 

(R. Hess, Ext. 5443) 

Application o/ Nonlinear 
Inverse-System Theory to 
Automatic Flight Control for 
Helicopters 

The analysis and ex(>erimental evaluation of 
automatic flight control systems foi helicopters 
has been undertaken as part of a program to 
develop methodology for the design of flight 
control systems that have the capability of inte 
grating a wide variety of active control functions. 
Nonlinear inverse system techniques are being 
used in this effort. Recent progress has been made 
in the development of theory for strongly non 
linear systems, including the compl**x helicopter 
system. The approach has the advantage that the 
system looks linear and decoupled when viewed 
through the inverse, thus greatly simplifying 
control system design. A full envelope, automatic- 
flight control system has been synthesized for 
evaluation on the UH-1H research helicopter. 
The system has been successf'illy che:ked out on 
a ground based simulator and flight experiments 
with the system are in progress. 

(G. Meyer, Ext. 5444) 

Aviation Safety Reporting 
System 

The Aviation Sarety Reporting System (ASRS) 
serves the aviation community, the Federal Avia 
tion Administration, and the Department of 
Defense by providing a central focus for collect- 
ing, analyzing, and disseminating safety informa 
tion derived from confidential reports of inci- 
dents and situations in the national aviation 


system. Designed and implemented to improve 
the current aviation system and to provide data 
for enhaitcing future aviation systems, the ASRS 
has procesaod arnf analyzed more than 30,000 
reports since April 1076. In addition to the regu- 
lar quarterly reports and a ntonthly publication, 
"Callback,'* issued by the ASRS program, more 
than 700 alert bulletins have been issued and 
more than 270 research studies have been con 
ducted. Many alert bulletins and research studies 
have resulted in modifications and improvements 
to aviation procedures, operations, facilities, and 
equipment. An example of ASRS output — the 
"Distractions" study that appeared in the pro 
gram's Ninth Quarterly Report — was instrumen 
tal in the creation of federal aviation regula 
tions mandating the imp*ementatior' of the 
"sterile cockpit" concept in certain air carrier 
operations. Other ongoing research activities 
examine such safety issues as controlled flight 
toward terrain, fatigue in air trans()ort operations, 
in-flight emergencies, general aviation and 
weather encounters, and information transfer 
problems in the aviation system. 

(W. Reynard, Ext. 6467) 


Flight Crew Coordination 

The lack of adequate crow coordination and 
faulty information transfer have been factors in 
many aircraft accidents. As part of a continuing 
effort to identify and propose solutions to those 
problems, a study w^s conducted in which the 
cockpit voice recordings of a full mission simula- 
tion were analyzed and in flight errors were 
recorded. This study revealed that the relation 
ship between the communication patterns of the 
cockpit crew and their performance is significant. 
Generally, crews who communicated less mac' - 
more errors, but the type and quality of common 
ication also was important. In response to this 
work, the National Transportation Safety Board 
(NTSB) has recommended to the Federal Avia 
tion Administration (FAA) that steps be taken to 
ensure that adequate communications is main 
tained between crew members. par'.iculAtly in 
noisy cockpits. 
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Studies in this senes have also shown that full- 
mission simulation con be beneficial to pilot train 
ing. Traditional recurrent pilot training has largely 
been to practice certain maneuvers. While bene 
ficial, this type of training provides little expe 
rience in areas related to crew coordination and 
the effective management of resources. Line 
oriented flight training (LOFT) allo^^-s a realistic 
simulation of an actual flight from one point to 
another with a full crew. During these simulated 
flights, operational problems are sometimes intro 
duced that require the coordinated action of the 
flight crew in real time. LOrT was the subject of 
a recent NASA/industry workshop, ar>d guide 
lines for the conduct of LOFT were drafted. 
These guidelines stimulated a change in FAA 
regulstions to promote the more widespread use 
of LOFT as a tool for training in crew coordina 
tion and resource management. Several airlines 
have also fouhd LOFT to be useful in identifying 
problems with procedures or new equipment 
before they occur in flight. 

(J. Lauber, Ext. 5717) 


Cockpit Traffic Displays 

A series of experiments examined the types of 
maneuvers pilots make while viewing different 
"conflict" situations on a cockpit traffic display. 
The display shows the relative posirion of nearby 
air traffic on an electronic moving map. The 
objective was to compare the maneuver decisions 
pilots intuitively make when exposed to an air- 
craft encounter presented on the display with the 
decision* that would be made by proposed auto 
matic collision avoidance systems. Results shov/ 
that pilots often maneuver to avoid C'^nflicting air 
traffic in a manner different from that which 
current collision avoidance algorithms v.'ould 
have commanded. In situations judged to be 
of lower threat, pilots tend to maneuver so as to 
reduce the time to resolve the conflict, even if 
their maneuver requires a turn through a collision 
courSf-. In contrast, automatic decision logics 
generally *elect maneuvers that will maximize the 
minimum miss distance between aircraft. This 
difference in criteria for selecting avoidance 



maneuvers often manifests itself by the pilot 
choosing to turn toward the conflicting traffic in 
situations in which an automatic logic would ha^e 
the pilot turn away from the other aircraft. The 
potential for pilot error? is enhanced by these 
conflicting decision patterns. 

(S. Ellis and c. Falmer, Ext. 6147) 


Properties of Molecules 

The theoretical determination of the physical 
and chemical properties of molecules and atomic 
clusters from first principles continues to produce 
important results. Extensive calculations have 
been completed for the first row transition metal 
atoms. Analysis of these data has led to a much 
improved prescription for computing potential 
energy curves and spectroscopic properties for 
diatomic metal hydrides and metal dimers. Using 
this approach, the properties of NiH, ScH, and 
Cuj have been determined. The results for NiH 
and Cuj are among the most accurate arhieveo to 
date and demonstrate that calculations for larger 
transition metal molecules and clusters are practi- 
cal. For ScH, the calculations predict an unex- 
pected and novel ground state configuration 
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owing to • d vlectron bonding. This rtMarch will 
havt ■ major impact on othar efforts to compute 
the physical properties of inorganic ntolecules 
and metal clusters. 

Using recently developed computational 
methods, accurate third order susceptibilities of 

and 0} have been determined on the basis of 
quantum mechanical calculations. These results 
have been used :o determine ab»lute cross sec 
tions and spectra for a variety of nonlinear spec 
troscopic processes such as two photon absorp 
tion and coherent antistokes Raman scattering 
(CARS). Both the resonant and nonresonant 
contributions to the susceptibility have been 
determined. These quantities are required for the 
analysis of data from nonintrusive diagnostics 
measurements of temperatuie profiles in fluid 
dynamics and combustion experiments. 

(J. Arnold, Ext. 6209) 

Atomistic Simulation of 
Materials 

The structure of small clusters, both isolated 
and supported on substrates, has been invest* 
gated by minimi/'ng the total energy using two 
body and three body interaction forces. Clusters 
containing as many as 13 atoms were investigated. 
The results obtained showed that the effect of 
three body interactions on the structure of small 
clusters is significant. Furthermore, these calcula 
tions show that the energetically preferred struc 
rure of a srr.all cluster varies from a compact 
three dimensional configuration to a two and 
even a one dimensional structure as the strength 
of the three body interaction increases. Calcula 
tions on clusters supported on substrates showed 
that, when three body interactions were 
neglected, the cluster was deformed and spread 
over the substrate surface. As the rhree body 
interaction strength was increased, the clusters 
remained erect and deformed only negligibly. 
This research on cluster geometry and structure is 
contributing to the understanding of both surface 
and thin film processes. 

.A new atomistic model that simulates the ini 
tiation and propagation of cracks in metals has 


baan developad. Each of the 414 atoms prasantly 
irKludad in tha modal it treated discretely ar>d 
allowed to interact with the other atoms via both 
two ar>d three body interaction forces. This 
model has accurately predicted that the increase 
in length in a tingle metal crystal under tension 
occurs through a senes of slips. This information 
is providing assistance in understanding the 
furHJsmentalt of material strength. 

U. Arnold, Ext. 6209) 

Localized Depth Analysis of 
Corrosion Scales 

The adherence of protective corrosion scales to 
high temperature, oxidation resistant metal- 
chromium-aluminum alloys it an area of critical 
importartce for the development of advanced tur- 
bine blade materials The role played by small 
addi ions of oxygen active trace elements to these 
alloys It of particular interest. A recently devel 
oped new iurface analytical instrument, a micro 
area scanning auger microprobe, has been success 
fully applied to studying the elemental depth 
composition of a NiCrAI 0.6 (wt.%) Zr alloy oxi 
dized in air for 1 hr at 1 180 C. A small spot size 
(300 A ■ 3X 10 ** cm) electron beam it scanned 
along the wall of a c*^ater ion beam etched 
through the corrosion scale into the base metal, 
and characteristic electron emi<tion it used to 
chemically analyze the corrosion scale with very 
high st)atial and defith resolution. 

The salient features of the present results are 
as shown; (a) scanning electron microsco()y 
(SEM) image of the crater, (b) enlarged view of 
crater wall, and (c) sketch of crater wall compoti 
tional (depth) profile. The external oxide was 
rouyo, about 2 to 3 pm thick, and contained Ni, 
Cr, Al, and 0. It was discovered that stoichiomet- 
ric AljOj was restricted to a homogeneous layer 
about 300 nm thick between the oxide and the 
base metal. The metal immediately beneath this 
AljOj wa^ found to be depleted in Al and 
roughly 10 times richer in Zr than the bulk alloy. 
The observation of the scale/alloy interface layers 
is significant because these layers are conceivably 
important to any mechanism of the adhesion cr 
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growth of oxide layen. It it hypotheti/ed that the An urnferttarxling of tuch machanitmt it impor 
diffution of Al outward to form the AljOj tcale tent in the development of advanced aerotpace 

it reduced by the Zr containing interfacial layer. materialt 

(J. Arnold, Ext. 6209) 
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Competition of turbine blade coatings by scanning auger microscopy 


OXIDE SCALE 



Photophysics 

Instrumentation 

A nonintrusive. laser interferometer, skin 
friction meter has been successfully developed 
and demonstrated in several complex wind tunnel 
flows. The meter uses interference fringes pro- 
duced by coherent later light to precisely measure 
the rate of change of thickness of an oil film 
placed on an airfoil. This information is then used 
to compute the skin friction, which is the aerody- 
namic shearing stress on the wall cai'Sing the oil 


to flow. The instrument works well in subsonic 
separate flow, supersonic high Reynolds number 
flow, arnf supersonic three dimensional flow over 
a delta wing at angle of attack. These results show 
that th.< instrument could provide an accurate, 
inexpensive, and convenient method for measur- 
ing skin friction in a wide variety of wind tunnel 
flows. It can provide data in cases where conven 
tional instruments such as hot wire o^ges cannot. 


(J. Arnold, Ext. S209) 
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WIND T«INNEL 

Dual-laser beam skin friction interferometer being installed in wind tunnel 
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New Polymers for 
Advanced Aeronautical 
Materials 



Molecular structure of phthalocyanine-based 
polybisimidazole polymer 


Work is in progress to develop fire-resistant 
seats, carpets, and other interior materials for use 
in advanced aircraft. In the past year, novel 
polymers of two classes havt been made which 
rep<'esent an advancement in fire resistance and 
high-temperature capability. In the first class are 
phosphorus based polyuismaleimide polymers, of 
which several modifications are possible. Graphite 
composites prepared ^rom this class of polymers 
do not burn in pure oxygen, even when heated to 
300^ C. In the second class, several polymers 
based on the stable phthalocyanine structure have 
been made. In one version, amine substituted 
phthalocyanine w?'- used to cure epoxidized 
novolacs to give a material having a char yield of 
75% in Nj at 800 C. Previously made epoxies 
have char yields of less than 45%. Polyimides have 
been made with char yields of 80% at 800' C, 
higher than any previously reported imide. In 
another type, polybisimidazoles were prepared 


incorporating the phthalocyanine group. These 
materials had char yields of 90% at 800°C in Nj . 
Composites made v.ith these materials have a use 
temperature approaching 500°C. The molecular 
structure of such a polymer is shown. These 
materials can serve in environments where com 
posites were not feasible before. It is expected 
that applications will be found in commercial 
aircraft and other aerospace vehicles. 

(G. Fohlen, Ext. 5936) 


Application of Fracture 
Mechanics to Failure 
Analysis 

Over several years, fundamental studies have 
been conducted to better understand the fracture 
behavior of both graphite/epoxy composite and 
metallic aerospace structural materials. Recently, 
an effort was made to apply this knowledge 
through the use of fracture mechanics to help 
solve existing materials problems, to develop life- 
prediction procedures for improved component 
reliability, and to perform more meaningful anal- 
yses of component failures. A good example of 
such an effort was the analysis of compressor 
blade failure in the Ames 14 Foot Wind Tunnel. 
Through a complete characterization of the frac- 
ture surface, comparison with fracture surfaces 
created under controlled conditions in our labora 
tory, and the application of fracture mechanics, a 
near complete stress and time history for blade 
failure was constructed. This analysis, together 
with a modal analysis of the aluminum blade, 
suggests blade failure was the combined result of 
minor surface damage (~0.005 in.-deep scratch 
on the blade shank) and a high alternating stress 
from a resonant vibration in a previously uniden- 
tified mode. The tunnel operating condition 
capable of producing this detrimental vibrational 
mode is being established. 

(H. Nelson, Ext. 6137; R. Hampton, Ext. 6223) 
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Fatigue striations on the fracture surface indicat- 
ing a high alternating stress (~19 ksi), yielding a 
fast fatigue crat.k growth rate (3.2X10 * in./ 
cycle) 


Advanced Heat-Shield 
Materials for Space Shuttle 

Thermal conductivity problems delaying the 
implementation of Ames-developed fibrous 
refractory composite insulation (FRCI) wcie 
solved. Initial delivery of FRCI-20 12 production 
units by Lockheed Missiles and Space Co. for 


Orbiter OV 103 will begin in January 1982. The 
estimated weight savings for each Orbiter is over 
10001b. 

Ames developed advanced flexible reusable sur- 
face insulation (AFRSI) was installed in the 
elevon cove on the Orbiter Columbia after the 
first Shuttle test flight (STS 1) to solve an over- 
temperature problem. Implementation has 
recently been accelerated by Rockwell Interna 
tional based on successful aeroacoustic tests in 
the Ames 2- by 2-Foot, 1 1-Foot Transonic, and 
9 by 7-Foot Supersonic Wind Tunnels. Ai a 
result, some AFRSI will probably be installed on 
Orbiter OV 99's orbital maneuvering system pods. 
The reaction cured glass (RCG) coating, LI-2200 
silica reusable surface insulation and Ames gap 
fillers performed scccessfully on STS-1. Several 
hundred more A’’.te» ^'ap fillers are being installed 
for the second test fligi.t of Columbia, STS-2, in 
addition to the approxir.iately 4(X)0 used on STS- 
STS-1. Arc plasma tests to certify Columbia's 
thermal protection system for its first and second 
flights were successfully performed. All tests wfire 
completed well in advance of the flight dates. 

New materials for the advanced space transpor- 
tation system are being developed. A tailorable 
advanced blanket insulation (TABI) concept 
(defined in 1981) is being developed under con- 
tract at Woven Structures, Inc. Hughes Aircraft is 
under contract to develop a new strain isolation 
pad concept. A contract to pilot plant the newest 
member of the FRCI family of insulation mate 
rials will be awarded in January 1982. 

(H. Larson, Ext. 5369) 
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